1.Introduction Barium titanate (BaTiO3) and its related systems are some of the most important materials for multilayer ceramic capacitors (MLCs) due to their excellent dielectric proper ties. Recent demand for capacitors with a higher capacitan ce and a smaller size requires the thickness of each layer in MLCs to be 2 to 3 micrometers. 1) A lower sintering temper ature is also required for a decrease of production cost. The demand for fine reactive BaTiO3 powder is very high. Many studies have been carried out to obtain fine reactive BaTiO3 powder using various methods such as hydrothermal methods, 2), 3) a sol-gel method, 4) a sol-crystal method , 5) citric processes, 6), 7) a polymerized complex method, 8) spray pyrolysis9) and combustion synthesis. 10)
The emulsion combustion method (ECM), developed in our laboratory, 11) is a novel particle synthesis technique. Figure 1 shows the schematic diagram of the ECM. The ECM consists of three principal steps; (1) preparing a w/o (water-in-oil)-type emulsion in which metal salts are dis solved in an aqueous phase, (2) atomizing and firing the pre pared emulsion and (3) collecting the synthesized powder. The metal salts in the emulsion are decomposed and oxi dized during the firing step. An oxide particle is synthesized from an aqueous microsphere in an emulsion by ECM, so that the diameter of the synthesized particle is small and controllable by changing the diameter of the aqueous microsphere. The synthesized particle is also chemically homogeneous, because the aqueous microsphere is heated by combustion of oil and quenched rapidly enough to main tain homogeneity of multiple metal ions in an aqueous solu tion.
In this study, BaTiO3 powder was synthesized by ECM. Particle characteristics and sintering behavior of the synthe sized powder were evaluated and compared with those of the powder prepared by a hydrothermal (HT) process. 2. Experiments 2.1 Synthesis and evaluation of a powder A barium nitrate aqueous solution (0.3mol/1) and a tita nia sol (Nissan Chemical Ind., TA-15) were used as barium and titanium sources, respectively. Primary titania particles (<10nm) were agglomerated to form secondary particles (<100nm) in the titania sol. A mixture of the barium and titanium sources (Ba/Ti=1/1 in molar ratio), kerosene and hexa (2-hydroxy-1, 3-propylene-gricol) diricinoleate ( Taiyo  Kagaku, SUNSOFT818H) were prepared as aqueous (a) (b) Fig. 2 . Scanning electron micrographs of (a) ECM and (b) HT particles.
3. Results 3.1 Powder characteristics Figure  2 shows the SEM micrographs of the ECM and HT particles. The ECM particles were nearly spherical in shape; their diameters varied from 200 to 500nm. The average particle size was 315nm. The HT particles were also nearly spherical in shape and 330nm in average particle size. Figure 3 shows the high-magnification images of the ECM and HT particles. The ECM particles were poly crystalline and consisted of small crystals of less than 100 nm in size. The particles were not porous but almost solid. On the other hand, the HT particles were single crystalline, judging from the surface morphology of the particles. Figure 4 shows the X-ray diffraction patterns of the ECM and HT powders. In the ECM powder, the main product (over 95%) was BaTiO3 and a small amount of Ba2TiO4 was also detected. BaCO3, TiO2 and other barium titanates with different Ba/Ti ratios were not observed. The HT powder was identified to be pure BaTiO3. retical density of BaTiO3 and dm the diameter of the aqueous microsphere in the emulsion. The value calculated is 225 to 450nm, which is consistent with that observed and also sug gests that the particle is solid.
The SSA values are calculated from the average particle diameters and are 3.1 and 3.0m2/g for the ECM and HT powders, respectively, provided that the particles are spher ical, solid with a smooth surface and uniform in sizes. The calculated value is about half of the measured one for the ECM powder, indicating that the polycrystalline structure of the particle clearly increases the SSA value. On the other hand, the calculated and measured SSA values are in good mutual agreement for the HT powder, which can be ex plained by the smooth surface of the particles. Figure 9 shows the presumed mechanism of the BaTiO3 particle formation by ECM, which consists of the following four steps; (1) the aqueous microsphere is rapidly heated by combustion of kerosene, (2) a precipitation occurs on the surface of the dispersed titania sol particles, (3) the nuclei grow and are sintered during firing and (4) the particle is quenched to form a polycrystalline structure. Our separate observation is consistent with this mechanism. In ECM, hol low particles are likely to be formed by precipitation of the nuclei on the aqueous microsphere surface by rapid heating, 13) as well as in spray pyrolysis. 14), 15) On the other hand, solid alumina particles16) were obtained when sol par ticles were contained in aqueous microspheres of the emul sion, because the sol particles were considered to behave as the homogeneously dispersed nuclei and the precipitation occurred not only at the surface of the microsphere but also in it, interrupting the hollow shell formation. In this study, the solid particles were produced for the same reason as that in alumina particle synthesis by ECM.
Particle formation
The high content of Na in the ECM powder is from the surfactant. The measured value (300ppm) is consistent with the one calculated (310ppm) from the concentration of Na in the surfactant (700ppm) and that in the emulsion. 4 Fig. 9 . Presumed mechanism of the BaTiO3 particle formation by ECM process.
a HT process. The polycrystalline structure of the ECM particles was considered to enhance the densification of the specimen upon sintering.
